Background Morning hypertension is a risk factor for cardiovascular and cerebrovascular events, and consequently diagnosis and control of morning hypertension are considered very important. We previously reported the results of the Azelnidipine Treatment for Hypertension Open-label Monitoring in the Early morning (At-HOME) Study, which indicated that azelnidipine effectively controlled morning hypertension. Objectives The objective of this At-HOME subgroup analysis was to evaluate the sustained blood pressure (BP)lowering effect of azelnidipine, using mean morning and evening systolic BP [ME average] and morning systolic BP minus evening systolic BP (ME difference). Methods We analyzed the self-measured home BP data (measured in the morning and at bedtime) from this 16-week prospective observational study to clarify the effect of morning dosing of azelnidipine (mean [± standard deviation] maximum dose 14.3 ± 3.6 mg/day). A subgroup of patients from the At-HOME Study who had an evening home BP measurement within 28 days prior to the baseline date were used for efficacy analysis (n = 2,546; mean age, 65.1 years; female, 53.6 %). Results Home systolic BP/diastolic BP levels in the morning and evening were significantly lowered (p \ 0.0001) by mmHg, respectively. Home pulse rates in the morning and evening were also significantly lowered (p \ 0.0001) by -3.5 ± 7.8 and -3.5 ± 7.3 beats/min, respectively. At baseline, patients whose ME average was C135 mmHg and whose ME difference was C15 mmHg (defined as morning-predominant hypertension) accounted for 20.4 % of the study population. However, at the end of the study, the number of such patients was significantly reduced to 7.9 % (p \ 0.0001). Patients whose ME average was C135 mmHg and whose ME difference was \15 mmHg (defined as sustained hypertension) accounted for 71.1 % of the study population at baseline. This was reduced significantly to 42.8 % at the end of the study (p \ 0.0001). ME average decreased significantly from 153.8 ± 15.5 mmHg to 135.6 ± 11.9 mmHg, and ME difference also decreased significantly from 6.7 ± 13.1 mmHg to 4.7 ± 10.8 mmHg (both p \ 0.0001). Conclusion These results suggest that azelnidipine improved morning hypertension with its sustained BPlowering effect.
cardiovascular events, and therefore morning hypertension during the high-risk hours is very important [3] [4] [5] . Organ damage is related more to morning hypertension than to hypertension defined on the basis of measurement of BP at the clinic (clinic BP) [6] . Morning hypertension has been reported to be associated with an increased risk of future stroke [4, 7] .
Although there is no consensus definition of morning hypertension, one practical definition is BP of 135/85 mmHg or higher measured at home in the morning (morning home BP) [8] . In the Ambulatory Blood Pressure Monitoring (ABPM) Study [7] , subjects were classified using the following thresholds: (i) an average of morning and evening systolic BP [ME average] of 135 mmHg; and (ii) a difference between morning and evening systolic BP (ME difference) of 20 mmHg; the relative risk of stroke was compared in the resulting four groups of subjects with normal BP, normal BP with a morning BP surge pattern, sustained hypertension, and morning-predominant hypertension. The risks of stroke were 2.1 and 6.6 times higher in the sustained hypertension and morning-predominant hypertension groups, respectively, than in the normal BP group. The stroke risk increased by 41 % with a 10 mmHg increase in ME average and by 24 % with a 10 mmHg increase in ME difference. Given that other cardiovascular risks also increase in the morning, the diagnosis of morning hypertension and control of BP have tremendous significance.
In the practical treatment of morning hypertension, it is ideal to combine the nonspecific approach of lowering ME average of home BP and the specific approach of reducing greater than threshold ME differences, leading the vector of BP lowering to normal BP limits [5] .
Azelnidipine is a dihydropyridine calcium antagonist, which was synthesized by Ube Industries, Ltd. and developed by Sankyo Co., Ltd. (now known as Daiichi Sankyo Co., Ltd., Tokyo, Japan). This agent has a potent and sustained BP-lowering effect in various animal models of hypertension [9] . It has also been confirmed to have renoprotective effects (such as reducing proteinuria by dilating efferent arterioles), as well as cardioprotective, insulin resistance-improving, cerebroprotective, and anti-atherosclerotic effects [10, 11] .
In this study using the results from our previously reported special survey of azelnidipine (the Azelnidipine Treatment for Hypertension Open-label Monitoring in the Early morning [At-HOME] Study [12] ), we performed subgroup analyses in cases with measurements of BP at home in the evening (evening home BP), to evaluate the effects of the agent on morning and evening home BP, using mainly ME average and ME difference as measures.
Subjects and Methods

Subjects
The At-HOME study [12] was conducted according to Article 14-4 (re-examination) of the Pharmaceutical Affairs Act, Japan, and in compliance with Good Postmarketing Study Practice (GPSP). For a list of participating medical centers [in Japanese], see the electronic supplementary material. The study included patients who met all of the following requirements at baseline when they started taking the study drug, azelnidipine (Calblock Ò tablets; Daiichi Sankyo Co., Ltd.): (i) outpatient with hypertension; (ii) no previous use of the study drug; (iii) clinic BP measurement within 28 days prior to baseline; and (iv) morning home BP measurement using an electronic brachial-cuff device at least two times on separate dates within 28 days prior to baseline. The study was conducted using the central enrollment method, in which patients from contracted medical institutions nationwide were registered by the enrollment center within 14 days after the baseline date. The enrollment period was one year from May 2006, and the planned number of cases to be investigated was 5,000.
From among the patients who were included in the primary analysis of the At-HOME Study [12] , cases with evening home BP measurements within 28 days prior to the baseline date are described in this article.
The study drug was administered at the investigator's discretion, according to the dosage and administration instructions in the package insert, with no limit set on dose increases or decreases, or on pretreatment or concomitant use of antihypertensive drugs. The standard observation period was 16 weeks, during which the study drug was administered, except in cases of withdrawal or dropout.
Outcome Measures
We investigated the patient characteristics, study drug dosage, study drug compliance, pretreatment with antihypertensive drugs, use of concomitant drugs, clinical course, clinical examinations, conditions of BP measurement at home, and adverse events occurring during or after treatment with the study drug. In order to investigate the variables under actual conditions, the method of BP measurement and the timing of dosing and BP measurement during the observation period were not specified in the study protocol, and these decisions were left to the investigators. Investigators assessed safety on the basis of the results of patient interviews and clinical examinations.
Subject Inclusion in Analysis Sets
The following enrolled patients were excluded from the safety analysis population: (i) those who reported no data from the investigation [non-respondents]; (ii) those who did not return to the clinic after the initial visit, precluding assessment of adverse events; (iii) those who took no study drug; (iv) those with no written description of adverse events; and (v) those who exceeded the timeframe for registration (ineligibility proven after data collection). From among the safety analysis population, the following patients were excluded from the efficacy analysis population: (i) those who were not outpatients with hypertension at baseline; (ii) those who had previously used the study drug; (iii) those with no clinic BP measurement within 28 days prior to the baseline date; (iv) those with no morning home BP measurement using an electronic brachial-cuff device within 28 days prior to the baseline date; and (v) those whose reported compliance was ''[I] almost never take the study drug''. Although at least two morning home BP measurements on separate dates were required for enrollment in the study, patients with only one morning home BP measurement were also included in the study analyses. It was confirmed that there were no major differences in the results of the primary analysis when only those patients with two measurements of BP (protocolcompliant cases) were included. From among the safety and efficacy populations included in the primary analysis of the At-HOME Study [12] , patients with no evening home BP measured within 28 days prior to the baseline date were excluded from the present study.
Methods of Analysis
The morning and evening home BP and pulse rates at weeks 4, 8, 12, and 16 of treatment were compared with those at baseline by Dunnett's test. Changes from before to after azelnidipine treatment were analyzed using a paired ttest. Values were expressed as means ± standard deviations (SDs). Figure 1 shows the patient classification system using ME average and ME difference as measures. The cut-off values of ME average and ME difference were 135 mmHg and 15 mmHg, respectively. Evaluation was carried out in the following four groups: those with normal BP (ME average of \135 mmHg and ME difference of \15 mmHg); those with normal BP with a morning BP surge pattern (ME average of \135 mmHg and ME difference of C15 mmHg); those with morning-predominant hypertension (ME average of C135 mmHg and ME difference of C15 mmHg); and those with sustained hypertension (ME average of C135 mmHg and ME difference of \15 mmHg). Changes in the patient distribution based on ME average and ME difference from before to after azelnidipine treatment were evaluated using the McNemar test. All tests were two-sided, with the significance level being set at p = 0.05.
Adverse events and adverse drug reactions were coded using the Medical Dictionary for Regulatory Activities (MedDRA)/J version 11.0 and classified according to their Preferred Terms. Figure 2 shows the patient disposition. After exclusion of patients with no evening home BP measurement within 28 days prior to the baseline date, 2,590 and 2,546 patients were included in the safety and efficacy analysis populations, respectively. Table 1 shows the patient characteristics at baseline. The mean age was 65.1 ± 11.7 years, and 53.6 % of patients were female. The mean baseline home systolic BP (SBP)/ diastolic BP (DBP) values were 156.9 ± 16.1/89.7 ± 11.7 mmHg in the morning and 150.2 ± 17.6/85.6 ± 12.2 mmHg in the evening. The mean pulse rates were 72.1 ± 10.2 beats/min in the morning and 72.5 ± 9.6 beats/min in the evening. During the observation period, morning home BP was usually measured before breakfast and before dosing in a large proportion (86.8 %) of cases. Table 2 shows the dosage of the study drug. The most frequently used initial daily dose and maximal daily dose ME average (mmHg) ME difference (mmHg) 135 15 Normal BP (morning BP surge pattern)
Results
Patient Disposition
Patient Characteristics
Dosage of the Study Drug
Morning-predominant hypertension
Normal BP Sustained hypertension Fig. 1 Patient classification according to morning and evening systolic blood pressure (ME average) and morning systolic blood pressure minus evening systolic blood pressure (ME difference) [5] . BP blood pressure was 16 mg (in 66.5 % and 77.1 % of cases, respectively). The mean initial and maximal daily doses were 13.3 ± 3.9 mg and 14.3 ± 3.6 mg, respectively. Table 3 details the concomitant drugs used by patients at baseline. Antihypertensive drugs other than the study drug were concomitantly used in 46.0 % of the patients; among those antihypertensive drugs, angiotensin II receptor blockers were those most frequently used (36.4 %).
Changes in Morning and Evening Home Blood
Pressure and Pulse Rates
The mean values of the morning and evening home BP and pulse rates at each timepoint are shown in Fig. 3 and Table 4 . The morning and evening home SBP, DBP, and pulse rates decreased significantly by week 4 as compared with baseline (p \ 0.0001), and these improvements were maintained at 16 weeks (p \ 0.0001). Table 5 shows the mean values and changes in morning and evening home BP and pulse rates before and after treatment with the study drug. The morning and evening home SBP/DBP values decreased significantly (p \ 0.0001), with the changes being -19.4 ± 17.1/-10.3 ± 10.6 and -16.9 ± 17.0/-9.4 ± 10.6 mmHg, respectively. Pulse rates also decreased significantly (p \ 0.0001) both in the morning and in the evening, by -3.5 ± 7.8 and -3.5 ± 7.3 beats/min, respectively.
Changes in ME Average and ME Difference
The changes in ME average and ME difference after azelnidipine treatment are shown in Table 6 . ME average decreased significantly from 153.8 ± 15.5 mmHg at baseline to 135.6 ± 11.9 mmHg at the end of the investigation (endpoint), with the change being -18.1 ± 15.6 mmHg (p \ 0.0001). ME difference also decreased significantly from 6.7 ± 13.1 mmHg at baseline to 4.7 ± 10.8 mmHg at the endpoint, with the change being -2.5 ± 13.2 mmHg (p \ 0.0001).
Changes in Patient Distribution Based on ME
Average and ME Difference The proportion of patients with normal BP increased from 5.7 % to 42.8 % after treatment, which was higher than the 37.9 % value reported in the Jichi Morning Hypertension Research (J-MORE) Study [13] (Fig. 5) . The proportion of patients who achieved ME average of \135 mmHg increased from 8.5 % to 49.3 %, and the proportion of those who achieved ME difference of \15 mmHg increased from 76.8 % to 85.6 %. The study treatment was associated with a significant improvement in the patient distribution based on ME average and ME difference (p \ 0.0001).
Scatter plots of the patient distribution based on ME average and ME difference before and after treatment are shown in Fig. 6 . The study treatment was associated with ACE angiotensin converting enzyme, ARB angiotensin receptor blocker an obvious tendency toward improvements in both ME average and ME difference. Morning hypertension is a risk factor for cardiovascular events, especially stroke, which occur most frequently in the morning hours [1, 2] . The J-MORE Study reported that morning BP was poorly controlled in more than half of the patients whose clinic BP was controlled by antihypertensive treatment [13] . It is impossible to detect abnormal DBP diastolic blood pressure, SBP systolic blood pressure, SD standard deviation variation in BP (a manifestation associated with morning hypertension) by means of clinic BP measurements, and therefore it is clinically highly significant to appropriately diagnose and treat morning hypertension by making the most of home BP monitoring, which is widely used by hypertensive patients in Japan [14, 15] . In addition, home BP monitoring is useful for improving the compliance of patients and for evaluating the sustained BP-lowering effect of a drug. In this investigation, we conducted subgroup analyses of data from the At-HOME Study [12] to evaluate the effects of azelnidipine on morning and evening home BP, using mainly ME average and ME difference as measures. The effect on home pulse rates was also evaluated.
Safety
All morning and evening home BP (SBP and DBP) values and pulse rates decreased significantly by week 4 as compared with baseline (p \ 0.0001), and the significant BP-lowering effect lasted through week 16 (p \ 0.0001). Fig. 5 Patient classification according to morning and evening systolic blood pressure (ME average) and morning systolic blood pressure minus evening systolic blood pressure (ME difference) in patients who received antihypertensive medication in the Jichi Morning-Hypertension Research (J-MORE) Study [13] . BP blood pressure The changes also demonstrated the significant decreases in morning and evening home BP and pulse rates (p \ 0.0001).
In the management of hypertension, the end result of treatment with antihypertensive drugs with insufficient sustained BP-lowering effects could be morning hypertension. As nearly half of hypertensive patients are those with morning hypertension, treatment targeting morning hypertension (as assessed by measuring ME average and ME difference) should be added to standard therapy [5] .
Regarding the changes in patient distribution based on ME average and ME difference, in this investigation the proportion of patients classified as having normal BP increased significantly from 5.7 % to 42.8 %, which was higher than the value of 37.9 % reported in the J-MORE Study [13] . Of the patients with morning-predominant hypertension at baseline, 35.0 % were classified as having normal BP at the endpoint.
The proportion of patients who achieved ME average of \135 mmHg increased from 8.5 % to 49.3 % after azelnidipine treatment. The proportion of those who achieved ME difference of\15 mmHg also increased from 76.8 % to 85.6 %, which was higher than the value of 74.9 % reported in the J-MORE Study [13] .
Scatter plots of the patient distribution based on ME average and ME difference before and after treatment also demonstrated that azelnidipine treatment was associated with an obvious tendency toward normalization of BP in terms of both ME average and ME difference.
It was inferred from these findings that azelnidipine suppresses the morning BP surge because its BP-lowering ME average (mmHg) ME average (mmHg) Fig. 6 Changes in patient distribution according to morning and evening systolic blood pressure (ME average) and morning systolic blood pressure minus evening systolic blood pressure (ME difference): a patient distribution at baseline (n = 2,546); b patient distribution at the study endpoint (n = 2,408). BP blood pressure effect persists until the morning of the following day, i.e., for 24 h. The treatment of morning hypertension may include a combination of nonspecific and specific approaches, according to the morning BP levels [5] . In nonspecific treatment, long-acting antihypertensive drugs are used in principle, and the goal is to achieve an ME average of 135 mmHg or lower by using long-acting calcium antagonists or diuretics. On the other hand, in specific treatment, the goal is to decrease ME difference to 15-20 mmHg or lower by evening dosing with renin-angiotensin system inhibitors or a-blockers, or by using calcium antagonists, which have a pulse rate-lowering effect [5] . ME difference has been reported to correlate significantly with the left ventricular mass index in hypertensive patients who have never been treated for this condition or who have recently been treated with long-acting antihypertensive drugs, and it is thought to be an important risk factor for left ventricular hypertrophy [6, 16] . Azelnidipine, a long-acting calcium antagonist with a pulse rate-lowering effect, decreased ME average and ME difference significantly in the present study. On the basis of these findings, azelnidipine seems to be useful for treating morning hypertension by exerting the combined effects of specific and nonspecific treatment. In addition, this drug may be expected to improve left ventricular hypertrophy by decreasing ME difference.
At present, the most common therapy for hypertension is long-acting antihypertensive drugs given once daily. The use of long-acting once-daily formulations improves patient compliance. If BP lowering due to once-daily antihypertensive drugs fails to persist for 24 h, then morning hypertension-an important risk factor for cardiovascular events-could be poorly controlled. Azelnidipine has superior affinity for vascular tissues because it is more lipophilic than other calcium antagonists. The drug has been reported to distribute within vascular tissues, where its strong binding to L-type calcium channels by the 'membrane approach' may enhance its ability to exert a gradual, long-lasting, and potent BP-lowering effect [17, 18] . The results of the present investigation confirmed that the BP-lowering effect of azelnidipine persists for 24 h (i.e., until the morning of the following day) and decreases ME average and ME difference. Specifically, its effect of restoring BP to normal in patients with morning-predominant hypertension suggests that the drug is highly valuable for those patients with morning hypertension, who are at high risk of cardiovascular events [3] [4] [5] , especially stroke [7] .
Conclusion
Patients with evening home BP measurements, drawn from the primary analysis population of the special survey of azelnidipine (the At-HOME Study) conducted from May 2006 to September 2007, were included in the present subgroup analyses to evaluate the effects of the drug on morning and evening home BP values. The results were as follows:
1 Both home SBP and DBP measured in the morning and evening decreased significantly by week 4 of azelnidipine treatment, and the BP-lowering effect lasted through week 16. The changes from baseline in home SBP/DBP were -19.4 ± 17.1/-10.3 ± 10.6 mmHg in the morning and -16.9 ± 17.0/-9.4 ± 10.6 mmHg in the evening, demonstrating significant changes after treatment. 2 In the patient distribution based on ME average and ME difference at the study endpoint, the proportion of those classified as having normal BP was 42.8 %, which was higher than the value of 37.9 % reported in the J-MORE Study. Of the patients with morningpredominant hypertension and sustained hypertension at baseline, 35.0 % and 42.6 %, respectively, were classified as having normal BP at the study endpoint. 3 The proportion of patients who achieved an ME average of \135 mmHg increased to 49.3 % after azelnidipine treatment. The proportion of those who achieved an ME difference of \15 mmHg was 85.6 %.
On the basis of these findings, azelnidipine appears to have a BP-lowering effect that lasts well into the morning of the next day, and therefore it may be very useful for treating patients with morning hypertension, who are at high risk of cardiovascular events, especially stroke. 
